The association between daily protein intake and osteoporosis is still controversial and only a few studies have explored the issue in Korea. This study investigated the relationship between daily protein intake and the prevalence of osteoporosis in Korean adults.
to an increased risk of fracture. 1) As the older adult population increases, the incidence of osteoporosis and osteoporotic fractures have continued to increase. 2, 3) According to a recent study on osteoporosis in the Korean population, osteoporotic femoral neck fractures and accompanying mortality have increased. 4) Many reports have described the strong association between development of osteoporosis and smoking, excessive alcohol consumption, lack of physical activity, and low body weight.
However, the association between dietary protein intake and bone metabolism is still controversial. Bones are composed of 30% protein, and because the amino acids in bone collagen that are necessary for bone metabolism cannot be reused, dietary protein intake is essential for bone metabolism. 5, 6) A recent prospective study of the association between protein intake and bone mineral density (BMD) reported that intake of animal protein is positively Korean J Fam Med correlated with BMD in females. 7) In contrast, other studies report that a high protein diet could have a harmful effect on bone health due to excessive acid from protein catabolism possibly forcing bones to act as a buffer, resulting in calcium leaching from bones. [8] [9] [10] This is supported by the observation that the calcium content of urine increases after a high protein diet. 11) However, other studies propose that high levels of calcium could overcome the detrimental effects of a high protein diet. 6) It is well-known that appropriate calcium and vitamin D intake is required to prevent and treat osteoporosis, 12) but the relationship between dietary protein intake and osteoporosis remains unclear. This study investigated the association between osteoporosis and protein intake in a sample Korean population using data from a national nutrition survey.
METHODS

Participants
The data analyzed in this study were extracted from the any combination of physical activity and more than 6,000 METmin per week were categorized as the health enhancing physical activity group. Individuals who did not belong to either of these two groups were classified as inactive.
14)
Obesity was defined as a body mass index (BMI) ≥25 kg/ 
Statistical Analysis
According to the sample design of KNHANES IV, statistical analysis was performed with consideration given to sampling units, stratified variables, and weighted values. Categorical variables and continuous variables were analyzed by chi-square test and Student t-test. Binary logistic regression analysis was performed to determine the association between protein intake and prevalence of osteoporosis. Other variables associated with prevalence of osteoporosis were adjusted via three steps.
Step 1 included age, height, and obesity. Age was dichotomized by 50.
Step 2 included the same variables as step 1, plus thyroid disease in males and menopause and hormone therapy in females.
Step 3 included the variables of step 2, plus household income, education level, physical activity, alcohol intake, and smoking status. Stratified groups according to dietary protein intake as a proportion of total calories consumed were selected as dummy variables, and a trend analysis of osteoporosis prevalence in the stratified groups was performed using multiple linear regression at each step. In all tests, a P-value < 0.05 was considered significant.
All statistical analyses were conducted using the Stata/SE ver. Moderate intensity physical activity was more common in those with osteoporosis, but vigorous activity was less common compared to the normal BMD group. Weight, height, BMI, total calories consumed, protein intake, and calcium intake were also lower in the osteoporosis group compared to the normal BMD group. Additionally, there were significant differences in concomitant medical conditions between groups (Table 1) . Table 3 . Association between proportion of daily protein intake and prevalence of osteoporosis in males Criteria Proportion of protein intake (%)
Prevalence of osteoporosis (%) OR (95% CI) of osteoporosis
Step 1
Step 2
Step 3
Lumbar T score ≤ −2.5 <10 7. Step 1: adjusted for age, height, and obesity, Step 2: adjusted for age, obesity, height, and thyroid disease, Step 3: adjusted for income of family, education, physical activity, alcohol, daily calcium intake (mg/d), and smoking plus all the variables in step 2.
OR: odds ratio, CI: confidence interval. OR (95% CI) of osteoporosis
Lumbar T score ≤ −2.5 <10 19. Step 1: adjusted for age, height, and obesity, Step 2: adjusted for thyroid disease, menopausal status and hormone therapy, plus all the variables in step 1, Step 3: adjusted for income of family, education, physical activity, alcohol, daily calcium intake (mg/d), and smoking plus all the variables in step 2.
OR: odds ratio, CI: confidence interval. 
Prevalence of Osteoporosis and Dietary Protein in Females
Osteoporosis prevalence determined by lumbar and femoral neck T-scores showed the high protein proportion group to be statistically less likely to have osteoporosis in all statistical adjustment steps and an increase in osteoporosis prevalence as dietary protein proportion increased (Table 2 ).
Prevalence of Osteoporosis and Dietary Protein Proportion in Males
Prevalence of lumbar osteoporosis showed the high protein proportion group to be statistically less likely to have osteoporosis in all statistical adjustment steps and an increase in osteoporosis prevalence as dietary protein proportion increased. However, femur neck osteoporosis showed statistical significance only in step 1 and 2 (Table 3) .
DISCUSSION
The aim of this study was to determine the association between dietary protein as a proportion of total daily calories consumed and the prevalence of osteoporosis using KNHANES IV. The group with the highest proportion of protein consumed had the lowest odds of having lumbar osteoporosis in both males and females. These results are consistent with previous studies of older adults. In these studies, the groups with the lowest protein intake also had the lowest BMD. 7) A previous domestic study on post-menopausal women also found a positive correlation between protein intake and lumbar BMD. 16) However, these studies were delimited to female and elderly study populations.
17)
The present study included young adults as well as the elderly and therefore the results can be applied to a wider range of the population.
Although it is well known that dietary protein has an important influence on bone health, the exact mechanism by which it impacts bone health is still controversial. In contrast to the present study, other studies have indicated that high protein intake results in bone loss given that bones are used as a buffer in protein catabolism, and the resulting excessive acid leaches calcium from bones. [8] [9] [10] This opinion is supported by the observation that calcium content in urine increased after a high protein diet.
11) It has also been proposed that production of insulin-like growth factor-1 (IGF-1) could decrease as protein intake increases, and decreased IGF-1 could have adverse effects on calcium and phosphate metabolism. High protein intake could load the kidneys which then results in higher urine calcium concentration. However, one report showed that higher urine calcium concentrations do not affect development of osteoporosis and instead cause an increase in calcium absorption through an increase in parathyroid hormone secretion with enhanced calcidiol 1 alpha hydroxylation as a compensatory mechanism. A study performed in the US focused on the association between protein intake and bone fracture in 85,900
females over the course of 12 years and reported that subjects who ingested more than 95 g of protein a day had a higher risk of forearm fracture than subjects who ingested less than 68 g a day. 18) In another study of 40, 000 Norwegian females, animal protein and femur neck fractures were not significantly associated, but females who had a lower calcium intake with high protein intake had a higher risk of fracture. 19) However those studies were all performed in Caucasian female populations. Therefore, they may not be generalizable to Korean populations.
In this study, men that ingested the highest proportion of protein had a higher risk of femoral neck osteoporosis after adjusting for all confounding variables. This finding could be explained by the difference between cortical bones and spongy bones. Spongy bone occupies 70% to 100% of the lumbar spine, whereas cortical bone occupies 75% of the femoral neck. 20) In addition, a previous study on the association between animal protein consumption and the incidence of femoral neck fracture in 16 countries showed that populations with a higher animal protein consumption had a higher risk of femoral fracture, which seems consistent with the results of this study.
3)
Most nutrients have a detrimental effect when they are ingested excessively. In the same way, the excessive protein intake in this study could have a detrimental impact on BMD. 6, 21) One limitation of this study is that it is cross sectional in design. However, this is the first report focused on an adult Korean population. In conclusion, this study suggests that sufficient dietary protein intake is associated with lower prevalence of osteoporosis. Further prospective studies on the protective effects of a protein diet on osteoporosis are needed.
